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Experimental Demonstration of the Quasi-Direct
Space-to-Time Pulse Shaping Principle
Vincent Loriot, Omel Mendoza-Yero, Gladys Mı´nguez-Vega, Luis Ban˜ares and Rebeca de Nalda
Abstract—A new strategy of pulse shaping based on the
quasi-direct space-to-time (QDST) conversion principle has been
recently proposed theoretically [Mı´nguez-Vega et al., Opt. Exp.
16, 16993 (2008)]. In the present letter, the working principle
of this pulse shaper has been experimentally verified by using a
simple second order cross-correlation setup with spatial resolu-
tion. The QDST conversion principle is evidenced through the
measurement of the delay between the different components of
the spatial profile. The temporal profile at the focus is shown to
follow the spatial profile using the QDST conversion law.
Index Terms—Diffractive optics, optical pulse shaping.
FEMTOSECOND pulse shaping techniques have beenused for a variety of applications involving either the
control of physical systems with light (see [1] and references
therein) or the manipulation of waveforms for optical com-
munications [2]. Different pulse shaping and ultrashort laser
pulse characterization techniques have been developed over
the years (see [3], [4] and references therein). Recently, new
pulse shapers, based on the space-to-time conversion principle,
have been proposed. In those, the tailoring of the temporal
pulse is controlled through the spatial modulation of the pulse
profile. The direct space-to-time (DST) pulse shaper [2], [5]
is characterized by a linear relationship between space and
time, while for the quasi-direct space-to-time (QDST) pulse
shaper [6], [7] , the relationship is quadratic. A QDST pulse
shaper consists of a mask attached to a kinoform diffractive
lens (DL). The operation principle of the QDST pulse shaper
is to focus the radial component of the beam profile at different
time delays using the DL and control the temporal shape at
the focus by modulating the spatial profile at the entrance
of the DL. Characterization of shaped pulses from a QDST
pulse shaper carries intrinsically the difficulty of the non-
uniformity of the temporal profile along the spatial profile of
the pulse in the far field region. Up to now, only spectral
measurements at the focus have been experimentally carried
out [8]. In this letter, we show experimentally the spatio-
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temporal conversion of the QDST pulse shaper. A simple
second-order cross-correlation of the shaped pulse is employed
to show the relative delay between the spatial components
of the pulse. The technique allows the reconstruction of the
QDST shaped pulses at a fix plane from the DL with a simple
delay scan and retrieves its temporal shape at the focus.
The scheme of our experimental setup (Fig. 1) has mainly
four parts, the QDST pulse shaper branch, the reference beam,
the nonlinear gate and the detection system. By using the
nonlinear gate, based on a crosscorrelation technique, between
the shaped pulse from the QDST and a much shorter broad-
area reference pulse we were able to obtain a 3D intensity
map of the shaped pulses after the nonlinear crystal. With
this information it is easy to retrieve the temporal shape at
the focus. The femtosecond laser source used for this purpose
is a commercial Ti:sapphire chirped-pulse amplified system
delivering τ ≈70 fs laser pulses centered around 800 nm and
maximum of 3.5 mJ per pulse at a repetition rate of 1 KHz.
The incoming femtosecond pulse is conveniently attenuated
using a glass wedge and split into two arms using a glass
plate. A telescope composed of two lenses (fa = −75 mm
and fb = 300 mm) is placed on the strongest beam (typically,
few tens of µJ) to illuminate the DL [9] with the most
homogeneous spatial profile as possible. The DL introduces
a temporal delay at the focus between the different spatial
components of the beam [6], which means that the pulse
duration significantly increases. The spatial intensity profile
is then modulated using a lithographic mask to change the
intensity of the spatial components and thus modulate the
temporal profile. The reference beam, with a lower energy
(typically, few µJ), passes through a motorized optical delay
line to control its relative delay with respect to the main
beam and focussed using a fpr = 200 mm lens. The two
beams overlap at their focus with a small angle (≈13◦) on
a β-BaB2O4 (BBO) AR coated at 800 nm and 400 nm
type-I crystal (8×10×0.2 mm3,θ = 29.18◦), where second
harmonic (SH) generation is produced. We have numerically
checked that the efficiency of wavelength conversion does not
vary by more than 15% due to the phase matching for the
range of incidence angles sampled. To improve the angular
resolution of the phase matching in the BBO crystal between
the shaped pulse and the reference pulse, an iris is placed
on the reference beam to reduce the numerical aperture and
increase the confocal parameter. The phase-matched SH signal
is recorded by a CCD camera as a function of the time delay
between the pulses. Contrary to the theoretical work of [6], no
pinhole at the focus of the DL is required for pump-probe type
0000–0000/00$00.00 c© 2011 IEEE
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experiments because the interaction is limited by the spatial
profile of the reference beam. In the present case, in order to
be sensitive to spatial effects, the focal size of the reference
beam is chosen to be larger than the central mode of the QDST
pulse at the focus.
Fig. 1. Experimental setup for the spatially-resolved second order cross-
correlation of a QDST shaped pulse. fa and fb are lenses for the telescope
employed to obtain the most uniform spatial profile at the entrance of the
QDST pulse shaper. M is the mask, DL is the kinoform diffractive lens, Irs is
the iris and fpr is the lens placed in the reference beam. BBO is the nonlinear
crystal used for SH generation between phase-matched shaped and reference
pulses.
Typical SH images recorded by the CCD camera without
inserting any mask before the DL, at two different time
delays (440 fs and 1.2 ps, respectively) within the temporal
overlap between the shaped and reference pulses, are shown
in Figs. 2(a) and 2(c). The corresponding angular integrations
of the images are depicted in Figs. 2(b) and 2(d). The images
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Fig. 2. SH images, in pixel (px) units, recorded on the CCD camera when
no mask is inserted before the DL at (a) 440 fs and (c) 1.2 ps time delay
between the shaped and reference pulses. Angular integration of the images
are shown in (b) and (d), respectively.
show an isotropic ring whose diameter increases with time
delay while its width decreases. According to the QDST
conversion principle [6], the radius of the ring follows the
law
t = αr2 (1)
where t is the time delay and α the space-to-time conversion
factor. At a fixed time delay between the main and reference
pulses, the SH signal at a fix distance after the BBO can be in-
terpreted as the cross-correlation between a spatial ring profile
pulse and the reference pulse both assumed to have a temporal
Gaussian shape. Hence, the phase matching produces a signal
with ring geometry. The isotropy of the intensity distribution
across the ring is a proof that the angular range sampled is
within the phase matching region. Upon the derivation of (1),
the width of the ring evolves as ∆r = t/(2αr). The width
of the ring decreases as its radius increases, as observed in
Fig. 2. The evolution of the radial distribution as a function
of time delay without mask is depicted in Fig. 3(a).
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Fig. 3. The 2D plots show the temporal evolution of the radial distribution
obtained by angular integration of the SH images as a function of the time
delay between shaped and reference pulses. (a) Without a mask before the
DL. (b) Using the mask shown at the right bottom part of the figure. Radial
(in pixels) and temporal integration graphs of the images are shown to the
right and below in each case.
We have carried out a two-dimensional fit of the images
shown in Fig. 3 using the following equation
f(r, t) ∝ {Ir(r) ⊗ [rIsp(r)H(rmax − r)]}
× exp
(
−4 ln 2
(t− αr2)2
τ2
a
)
, (2)
where Ir(r) is the spatial optical resolution of the system
(assumed to have a Gaussian shape) modeling the ~k vector
dispersion of the reference pulse, Isp(r) the radial profile of
the pulse before the DL, H(r) the Heaviside function which
delimits the maximum SH ring radius rmax measured on the
CCD camera and τa is the autocorrelation time assumed to
be constant over the radial profile before the DL. From this
last term, it is possible to estimate the pulse duration to be
τ = 89 ± 3 fs, which is consistent with the laser duration
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including the potential error over the optical resolution Ir(r).
Since the fit determines α = (37.65 ± 0.30) × 10−3 fs/px2
and rmax = 216 ± 1 px, the incoming temporal profile is
spread over a range of ∆tstr = αr2max = 1.75± 0.03 ps. This
value is found to be in very good agreement with the value
obtained from the radius of the lens (rf = 10.60± 0.05 mm)
and the focal length [9] (Z0=106 mm at 800 nm), which gives
∆tstr = r
2
f /(2cZ0) = 1.77± 0.02 ps.
The ability of the QDST pulse shaper to generate custom
shaped pulses is shown in Fig. 3 as characterized by the present
spatio-temporal methodology. A mask with concentric rings
with a radial binary transmittance Γ(r) (shown as an inset in
Fig. 3(b)) was placed before the DL. For the experiment, we
manufactured the mask by photolithography with direct laser
writing on a chrome photomask. Our laser writing machine
(Microtech, Palermo, Italy) allows us to obtain diffractive
masks with a global resolution of 0.2 µm and a minimum
feature size of 0.8 µm. The expected electric field at the focus
Efoc(t) can be written as
Efoc(t) = exp
(
−4 ln 2(t/τ)2
)
⊗
(
Γ
(
t = αr2
)
Esp
(
t = αr2
))
,
(3)
where Γ(t) and Esp(t) are, respectively, the transmittance
of the mask and the spatial profile expressed in the tem-
poral domain using eq. (1). The cross-correlation S(t), i.e.
the radial and angular integration of the images, reflects
the modulation of the mask and produce a signal given by
S(t) ∝ (Eref(t)⊗ Efoc(t))
2
, where Eref(t) is the temporal
profile of the reference pulse. The signal S(t) is illustrated
with and without mask in the side plots of Fig. 3.
The QDST shaped pulse can be visualized using the present
characterization method, both in space and time, by repre-
senting the iso-intensity of the spatio-temporal resolved data
as shown in Fig. 4. At fix plane after the DL, each point of
the spatial profile of the QDST transformation can be seen
as the 2nd order autocorrelation of the laser pulse. The 3D
visualization makes evident the QDST conversion principle
written in (1). It appears very clear that the central part arrives
before the surrounding part and the relative delay of the spatial
profile has a quadratic dependence with respect to time. The
modulation of the spatial profile thus induces a shaped pulse
at the focus. Since the entire signal has been generated at
the focus, the temporal profile of the pulse at the focus is
approximatively the integration of the signal collected on the
camera.
In summary, using a simple spatially resolved second order
cross-correlation method, it is possible to observe the space-to-
time relation induced by the DL and the possibility to generate
a custom made shaped pulse, in a very well defined temporal
window, using a concentric ring geometry mask. A 2D-SLM
mask could be easily implemented in the QDST pulse shaper
in order to produce arbitrary shaped pulses applicable in
adaptive quantum control experiments. Work is in progress
in our groups in that direction.
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